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NGC 4526

’ Supernova 1994D



white dwarf

Hydrogen-rich gas spills
into an accretion disk and
forms a shell of hydrogen
on the white dwarf.

A nova occurs when
the shell becomes hot
enough for a burst of
hydrogen fusion.

companion star

Type 1a supernovae
are white dwarf bombs.

Mass transfered from a
neighbor star increases
the white dwarf mass
over the Chandrasakar
Limit, and the white

dwarf drops to a neutron
star. This is a supernova.

Courtesy: people.brandeis.edu/ ~wardl



A Supernova brightens and dims over a month,
but the peak brightness is constant- a standard candle.




THE KECK 1OM TELESCOPES

The pursuit of SN
requires big glass.




Light Path — Keck Telescope diagram Incoming light
snows the path of incoming starlight (1)
nrst on ils way 10 the pnmary mirror
reflected off the primary, toward the
secondary mirror (2); bouncing off the
secondary, back down toward the fertiary
mirrer (3); and fimally reflected eithar off
the tartiary mirror 1o an instrumeant al the
Nasmyth focus (4}, or to the Cassegrain
focus (5) beneath the primary mirror

Nasmyth focus

Secondary mirror

Tertiary mirror

36-segment
primary mirror

Cassegrain focus
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SUPERNOVAE DISTANCES MEASURE
THE GEOMETRY OF THE UNIVERSE
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THE HUBBLE SPACE
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STS103-713-048

(19-27 December 1999) ---
Astronauts Steven L.
Smith,and John M. Grunsfeld
are replacing gyroscopes,
contained in rate sensor units
(RSU), inside the Hubble
Space Telescope.




HST HIGH-Z OBSERVATIONS SHOWED THE EFFECT
BEHAVED LIKE A MODIFICATION TO THE GEOMETRY
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1B Dipcaimbssr 1598

Science

;.:1--': Pl i Two independent, in fact rival, teams measured
THE 2 supernova at high redshift.
AEEELE RATING - % The Supernova Cosmology Project, based at

Lawrence Berkeley National Laboratory, and the
High-Z Supernova Search Team based at the
Mount Stromlo and Siding Spring Observatories
in Australia, had assumed that expansion had
been slowing under the gravitational attraction
of matter since shortly after the Big Bang, and
that this deceleration rate could be used to
determine the average density of matter in the
universe.

UNIVERSE

Bewahtbycurgh of the Frar

The last thing the two teams expected to find
was that the expansion of the universe is not
slowing at all. Instead, it is accelerating.

The astronomical community was convinced.

Classical astronomy, the use of big glass to study
individual objects, achieves a triumph.
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WHAT YOU SEE AT NIGHT

The Milky Way

© 2000, Axel Mellinger
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THE GALAXY CLEANED UP

2MASS Covers the Sky

The Milky Way

The Two Micron All Sky Survey

Infrared Processing and Analysis Center'Caltech & Unlv, of Massachuselis




NGC4565, a Milky Way Analog

Courtesy: Bruce Hugo, Leslie daul, Adam Block, NOAO



The Andromeda Galaxy
Sloan Digital Sky Survey

Fermi National Accelerator Laboratory / ’s_',ﬁ"_a Office of Science / U.S. Department of Energy / Managed by Universities Research Association, Inc.

www.sdss.org 3£ Fermilab
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NCG 1309: a disk galaxy face on
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NCG 2552 dlsk w1th no bulge
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Barred Spiral Galaxy NGC 1300

ke,

MASA ESA and The Hubble Heritaaa Team (STScPALIBAY « Hubble Space Telescone ACS « STSel-PRCOE-01



M104: Eliiptic_al plus dust.

Courtesy: Hubble Heritage Project



ESO 510-G13: Elliptical plus warped dust
Galaxy ESO §10-CG13

Fiehiage

MASA andThe Hubhble Heritaoe Team (STScl/AURAY * Hubble Space Telescone WEPC? = STScl-PRC0O1-23
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‘UGC"10d214': ti_i_stuarbed oalaxyrdatia or o8 i
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but 100k at all the other gala'mes'
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GALAXIES IN THE
UNIVERSE

THE RISE OF STATISTICAL COSMOLOGY



THE SLOAN DIGITAL SKY
SURVEY




THE SDSS INSTRUMENTATION

600 fiber spe-ctrolgfp
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2MASS INSTRUMENTATION

256x256 Infrared Camara

Two dedicated 0.6m telescope



The Infrared Universe Light from 1.6 million

galaxies reveals the structure of t

1e local universe




Galaxies of the Infrared Sky Near and far structures

in the local universe are color-coded by galaxy brightness




SDSS SPECTROGRAPS

600 fiber -
spectrograph




SDSS redshift diagram ——




GALAXY DISTRIBUTION HAS FEATURES
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The size of the feature depends on cosmology



WILKONSON MICROWAVE
ANISOTRPY PROBE (WMAP)

1.4 % 1.6 m primary

reflectors \
dual back-to-back

Gregorizn optics

- ]
secondary FPA box
reflector ———— -
feed horns
passive thermal radiator B W, et
[

top deck w—_
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THE CMB DISTRIBUTION HAS FEATURES

Angular Scale
2° 0.5° 0.2°

NASA WMAP team
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These too depends on cosmology Multipole moment (1)
NASA WMAP team




Logking back in time in the Universe
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FLAT GEOMETRY

CREDIT: WMAP & SDSS websites Courtesy: Bob Nichol

MAPS20006



UNIVERSE IS FLAT TO 1% PRECISION
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éﬁhl&ﬁhilb:j' ‘ ‘ PPN '/ is one of the ultimate

— widz o ses: discoveries in basic science”,
T —1 SN said Don Kennedy, editor-in-
) :"?{ - chief of Science, “It stirs our
2 s imagination even though it
iy challenges our ability to
understand.”
: —5
i Iy “No longer are scientists
-, trying to confirm the
ol existence of dark energy.
B —

e Now they are trying to
find out what dark

% energy is made of, and

Breskthrough of the Year what it tells us about the
Cosmic birth and evolution of the

. Sy universe.

JARE A : | ADVANCEMIS ' Courtesy: Bob Nichol






THE NEwW CENSUS OF THE UNIVERSE

Heavy Elements:
Q=0.0003

), = p;/pCRITlmL
= |

Q TOTAL

Neutrinos (v): 95% of the Universe is
(2=0.0047 in Dark Energy and
Dark matter.
Stars:
ST ()—() 005 ;
| .t We understand neither.
Free H
& He:

()=0.04

Cold Dark Matter:

()=0.25

Dark Energy (A):
Q=0.70

The confirmation of Dark Energy points to a major hole in
our understanding of fundamental physics



DARK ENERGY

1. The Cosmological Constant Problem

Particle physics theory currently provides no understanding of why the
vacuum energy density is so small:

pDE (Theory) /pDE (obs) — 1()120

2. The Cosmic Coincidence Problem

Theory provides no understanding of why the Dark Energy density is just
now comparable to the matter density.

3. Whatisit?

Is dark energy the vacuum energy? a new, ultra-light particle? a breakdown of
General Relativity on large scales? Evidence for extra dimensions?

The nature of the Dark Energy is one of the outstanding unsolved
problems of fundamental physics.

This is an observational driven field.




Dark Energy

Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

WMAP

about 400 million yrs.

Big Bang Expansion

13.7 billion years

MASLWRAR 5o mtmad Tid iy
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MEASURING DARK ENERGY

One measures dark energy through how it affects the universe expansion rate, H(z):
W 0 (1h2)° £ Q. (1+2) 4 + Q (1+Z) 3(w) ]

matter radiation dark energy

Note w, the parameter which describes the evolution of the density of dark energy with
redshift. A cosmological constant has w = —1.

w is currently constrained to ~20% by WMARP, SDSS, and supernovae

Measurements are usually integrals over H(z) r(z) =/dz/H(z)
Standard Candles (e.g., supernova) measure  d, (z) = (1+z) r(z)
Standard Rulers measure d_(z) = (1+2)-1 r(2)
Volume Markers measure dV/dzdQ =12(z)/H(z)

The rate of erowth of structure is a more comvlicated function of H(z)



THE RACE TO MEASURE
DARK ENERGY

AND THE DARK ENERGY SURVEY



THE LARGE SURVEY
TELESCOPE

Two candidates for the LST:

* PAN-Gtars
e 2006- one telescope
e 1.5m telescope
e 7sqg-degree camera

* Private observatory model:

* Air Force funds University of Hawaii

g1 SS5T
e 2012
e 8m (6.5m collecting)
® 7 sqg-degree camera
e (Collaboration model:

* Universities, NSF, DOE, private donors

e Both are multipurpose machines: killer
asteroid searches, time domain, etc




SUPER NOVA
ACCELERATION PROBE

A dedicated experiment to
study dark energy

e Dedicated instrument, few
moving parts

e Mirror: 2 meter aperture
sensitive to light from
diStant SN AN NARSAY OF DCD CHIPS WILL BE ASEEMBLED

INTOr A AMMULUE NEARLY ORE-HALF

METER WIDE, THE LARGEST
AMND MCET SEMEITIVE

B ROV C W O S EC e e coo s
lots of SNe, has half-billion /,
pixel mosaic camera (~100x asl
larger Field than Hubble) TS

e Collaboration model: DOE/ A )
Universities and NASA - =e




INTERMEDIATE TIME SCALE
SOUTH POLE TELESCOPE SZ SURVEY

10m submillimeter telescope
e At the South Pole

e 1000 element bolometer array
e 1.25 arcminute resolution
Collaboration

e John Carlstrom (Chicago) PI

e Chicago, CWRU, Berkeley, Illinois
and Harvard-Smithsonian CfA

Science Goals

e 4000 sq-degree Sunyaev-Zeldovich
effect survey

* (luster abundances and spatial
power spectra

* CMB polarization

NSF funded, Survey slated for
2007

SPT site

e 'nh R .

: ';;;"3!‘ v S A v‘




THE DARK ENERGY SURVEY

Science Goals:

e Perform a 5000 sq. deg. survey of the
southern galactic cap

e Map the cosmological density field to z=1

e constrain the Dark Energy parameter w to ~
5% with 4 complementary techniques

e Dbegin to constrain dw/dz

New Equipment:

e Replace the PF cage on the CTIO Blanco 4m
telescope with a new 2.2 deg. FOV optical
CCD camera

Time scale:

e [nstrument Construction 2005-2009

Survey:
e 30% of the telescope time from 2009-2013
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PHOTOMETRIC REDSHIFTS
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Photometric redshifts are the key technology of the Dark Energy Survey. With
them, we can pursue 4 key projects of extraordinary power.



DES 4 KEY PROJECTS

e Dark Energy using the “gold standard” probe

e Type 1a Supernovae distances
e 2000 supernovae

e Dark Energy using new probes

e Galaxy Cluster counting
e 20,000 clusters to z=1 with M > 2x104 Mg

* Weak lensing

e 300 million galaxies with shape measurements

e Spatial clustering of galaxies
e 300 million galaxies



Il. SUPERNOVAE

Geometric Probe of Dark
Energy

Repeat observations of 40 deg?,
using 10% of survey time

~1900 well-measured SN Ia
lightcurves, 0.25 <z < 0.75

Larger sample, improved z-band
response compared to ESSENCE,
SNLS; address issues they raise

Improved photometric precision via
in-situ photometric response
measurements



1. GALAXY
DISTRIBUTION

z=0.1

Geometric Probe of Dark
Energy

z=0.7
e 5000 sq-degrees
e 300 million galaxies with photo-z’s

e Redshift bins out to z=1.0




NEW PROBES OF DARK ENERGY

The new probes rely on
mapping the cosmological
density field.



PEAKS IN THE DENSITY

* (lusters of galaxies are
Eeﬁlfs of the density
eld:

e Dark energy influences
the number and
distribution of clusters
and how they evolve
with time.

ZMpC  —_—




[I1l. CLUSTER COUNTING

e (Count clusters as a function of mass and
redshift

e 20,000 clusterstoz=1

e 3 techniques for cluster selection and
mass estimation

e optical galaxy counts

,, g :‘ T Vi b : r b
x Ry ! i '
1 i Gt Tl -
® weak lensin R o
| 0.25h Mpg i - '
M3 0451-03: 8-Z Effect Conlours, Chandra ACIS Color Scele

e Cross compare these to reduce
systematics

e Use mass function shape and cluster
correlation function.




IV. WEAK LENSING

. [] -
'|. i [ ]
. . § .
. ‘ N ‘ n . .
L]
- L | ' . . ' B
T " .

. & : g L
s e . y . '
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NASA, A. Fruchter and the ERO Team (STScl, ST-ECF) = STScl-PRC00-08




LENSING COSMOGRAPHY

e The strength of weak lensing
by the same foreground
galaxies changes with the
distance to the background
galaxies.

e Measure amplitude of shear
VS. Z

e shear-galaxy correlations

e shear-shear correlations

e DES will
e Image 5000 sq-degrees

e Photo-z accuracy of 8z < 0.1 to
z=1

e 10-20 galaxies/sg-arcminute



DES AND DARK ENERGY

e Individually these 4 key projects each give
~5-10% measurements of w.

e Combined they will push 1%

e Isthe Dark Energy a cosmological constant?
 maybe, if w =-1.0, NO if not

e Isthe Dark Energy a modification to gravity?

e if geometry projects (SN and galaxy distribution)
disagree with structure growth projects (cluster
counts and weak lensing), then YES



DARK ENERGY

e These are exciting times to be an
observational cosmologist.

e We are working on fundamental physics,
and the work is observation driven.



